Background: Pulmonary arterial hypertension (PAH) is a leading cause of death in systemic sclerosis (SSc) patients. Early detection of systolic failure in SSc patients will facilitate early treatment and improve the survival rate of these patients.
Background
Progressive systemic sclerosis disease (PSS) is a serious connective tissue disorder which is divided into two limited and diffuse types (1) . The skin/tissue form is commonly observed in the limited type with the lung interstitial fibrosis and pulmonary hypertension not being rare in these patients. Further, vascular symptoms such as severe Raynaud phenomenon and widespread telangiectasia are also common in these patients (1) (2) (3) , which makes it an important complication of systemic sclerosis (SSC) (4) . It is difficult to present an accurate measurement for prevalence of this form; however, it is estimated it encompasses 15% of all SSc cases. In comparison to the diffuse form, pulmonary arterial hypertension (PAH) is more common in the limited form, which is mainly caused by the lung interstitial tissue fibrosis.
tality rate due to the right ventricular failure as the main cause of death.
Therefore, the use of a noninvasive diagnostic technique and the early diagnosis of this disorder would be beneficial to the SSc patients as it can help adopt timely therapeutic interventions and prevent the emergence of right ventricular dysfunction symptoms. In this regard, this paper presents an echocardiographic study with special emphasis on the new echocardiographic parameters of right ventricular function and pulmonary arterial pressure level. Also, the literature calls for more widespread investigation of the RV function in SSc patients (5) .
According to the literature, these techniques as an isovolumetric acceleration have been shown to be useful for diagnosis of right ventricular systolic failure and pulmonary hypertension (6) , increased right atrial, right ventricular and pulmonary artery pressure in right heart catheterization (4, 7) DETECT algorithm (8) , low carbon monoxide diffusing capacity and high speed of tricuspid valve reflex (9) , as well as elevated RV Tei-index (10) . In the same vein, an earlier technique developed for the diagnosis of left and right ventricular diastolic failure is decreased exercise capacity (11) . In addition, another study has shown that pulsed Doppler imaging and strain rate imaging are significantly useful for the assessment of RV function in SSc patients (12).
Objectives
In this study, besides studying the RV function in SSc patients, attempts have been made to find a new possible noninvasive echocardiographic test for the early diagnosis of systolic failure as a PAH complication.
Methods
In this study, the RV function was evaluated in accordance with the latest ASE/AHA guidelines, all parameters related to RV longitudinal and radial functions were determined, all data were measured and digitally recorded by an echocardiologist for further analysis.
In addition, in this study Scleroderma was diagnosed as a rheumatic disease characterized by an increase in fibrosis level of connective tissue all over the body. Moreover, the pulmonary arterial hypertension was found to be characterized by an intrinsic pressure inside pulmonary arteries which was equal or greater than 35 mmhg. Also, the condition of pulmonary arterial walls, which were under the influence of right ventricular function, was analyzed.
All the patients with advanced types of SSc who were referred to the rheumatic research center as well as the cardiovascular research center of Mashhad University of Medical Sciences included in this study.
The inclusion criteria allowed for the participation of every patient with diffuse systemic sclerosis. On the contrary, the exclusion criteria were unwillingness of the patient to undertake echocardiography, unstable conditions, arrhythmia, a history of pulmonary diseases or any valvular heart diseases, history of PCI, CABG or documented IHD and a history of rheumatic valvular disease or any proved cardiac diseases.
In this study, the relationship between echocardiographic parameters of global and regional right ventricular function and pulmonary arterial pressure in SSc patients was evaluated. Moreover, this study evaluated the relationship between the changes of TDI, strain/ strain rate parameters and the pulmonary arterial pressure level, and also the relationship between right ventricular function parameters, measured by TDI technique, and age and sex.
In the study conducted by Vonk (10) , the correlation coefficient between PAP and Tei index of right ventricle was reported 0.46 (r = 0.46). Hence, the initial sample size (n = 19) was increased to 30 due to parametric methods and analysis of the relation between other variables.
The main data gathering method was a field study supplemented by observation and checklists.
Out of the patients referred to the clinic, 30 individuals with advanced systemic scelerosis who had at least a 2-year history of the disease were included in this study following the confirmation of the disease by an expert rheumatologist. All the patients were allowed to participate in the transthoracic echocardiographic study after signing the informed consent form. The echocardiographic study was performed with an ultrasound machine (Vivid 7, GE Medical Systems, Horten, Norway 2008) with a 2.5 -3.5 -MHz ultrasound probe in accordance with the ASE/AHA guidelines while monitoring by an expert echocardiologist. All the standard parameters were measured and recorded for further analysis.
The measured parameters included right ventricular fractional area change (RV FAC) (percentage), tricuspid annular plane systolic excursion (TAPSE) (cm), right ventricular lateral wall, tissue doppler imaging (TDI) velocities (S, E and A) (cm/s), right ventricle strain (Base, Mid, Apex) (percentage), basal and mid-RV strain rate, RV end diastolic diameter (RV-EDD) (cm), right ventricle pressure with respect to IVC diameter in mmhg, and LVEF (percentage), age (year, month and day), gender (F/M), height (cm), weight (Kg), and also period of hospitalization (day).
PAP, RV fractional area change, TAPSE, RV dimensions (Basal RV diameter/RV1, Mid RV diameter/RV2 , Base to Apex length/RV3) and also RV outflow tract (RVOT) diameters (above aortic valve/RVOT1, above pulmonic valve/RVOT2) were classified as normal, mildly abnormal, moderately abnormal and severely abnormal, as shown in Table 1 .
The statistical analysis of the data was performed by the SPSS software. In this study, the significant interval was assumed 95%. In addition, the chi-square test and ttest were used to compare different groups, also Pearson and spearman correlations for analyzing quantitative variables.
Results
In this study, 80% of the patients were female and 20% were male. The age range of females was 14 to 67 with a mean age of 40 ± 10. For males, the age range was 18 to 75 with a mean age of 46 ± 11.
The relationship between pulmonary arterial pressure (PAP) and each of the right ventricular (RV) function parameters including RV longitudinal function parameter at Base (or BASAL RV strain), RV longitudinal function parameter at Mid (or MID RV strain), RV longitudinal function parameter at apex (or APICAL RV strain), the speed of RV longitudinal function change (or the RV strain rate), RV longitudinal function parameter using M mode technique of Tricuspid valve, RV transverse diameter from a 4-chamber view and tissue velocities, in SSc patients was investigated and the correlation coefficient and significance levels were computed.
The Pearson and spearman correlations revealed an inverse and significant relationship between basal RV strain (P = 0.003 cc = -0.572), mid RV strain (P = 0.002, cc = -0.590) RV strain rate (P = 0.0 and cc = -0.677) and PAP. In addition, a direct and significant correlation was found between RV transverse diameter (P = 0.02 and cc = 0.4) and PAP.
Additionally, the relationship between PAP and RV systolic and diastolic functions in SSc patients were investigated and the correlation coefficient and significant levels were calculated. According to Pearson and Spearman correlations, RV systolic function (P = 0.0 and cc = -0.694) and RV diastolic function (P = 0.007 and cc = -0.480) were in an inverse and significant relationship with PAP.
Likewise, only a direct and significant relationship was found between mid RV strain and age (P = 0.027 and cc = 0.451). Similarly, there was only a direct and significant relationship between apical RV strain and gender (P = 0.021 and cc = 0.513).
The RV systolic function was observed to be normal in 100% of males while this figure was only 80% in females. 10% of females had mildly reduced RV systolic function while approximately 3% had severely reduced RV systolic function. (P > 0.05) As shown in Table 2 , results of the independent t-test indicate comparison of the variables in SSc patients with gender. They were significantly higher in males than females whereas the LV EF was significantly higher in females (P = 0.025).
Furthermore, given that PAP was normal in 63.4% of the SSc patients, 36.6% of them were estimated to have PAH (27.3% were cases with mild PAH, 45.4% with moderate PAH and 27.3% with severe PAH).
In addition, analysis of RV transverse diameter (from the 4-chamber view) in SSc patients revealed a diameter between 2 -2.9 cm in 23% of the patients, diameter between 3 -3.9 cm In 50% and diameter between 4 -4.9% in 18%. Meanwhile, the minimum and maximum diameters were 2.3 cm and 4.8 cm respectively.
Moreover, the value of mid RV strain in all the patients was reported as follows: 8% were between -49 and -40, 12% between -39 and -30, 40% between -29 and -20, and 18% between -19 and -10. Here, the minimum and maximum values were -41S% and -16% (Figure 1 ). Also, in 50% of the patients, RV longitudinal function parameter at Base was between -29 and -20 while in approximately 8% it was between -39 and -30. However, the lowest and highest values in all the patients were reported -31 and -12 respectively (Figure 2) .
The results suggested that most patients had normal contraction power (Figure 3) .
We also investigated the relationship between the height and RV function parameter in SSc patients. The Pearson and spearman correlations showed a direct and significant relationship between apical RV strain and height (P = 
Discussion
In this study, consistent with the study carried out by Kanski et al. (15) , women outnumbered men (9 males and 18 females), though the average age of the subjects in that study was relatively higher than that of patients in our research (57 years old). In the same vein, in the study by Jansa et al., females outnumbered males (82.3%) and the average age of the subjects was similar to our study (53.8 years old) (16) . The number of SSc patients was evaluated in line with the reference books and the age range of this disease (2) .
In the study by Andrea et al. patients with both diffused (11 patients) and limited (12 patients) types of SSc disease were examined (12) . In our study; however, only the diffused type of the disease was considered, as recommended by the previous studies.
According to the results, considering that RV strain, RV strain rate and RV systolic function are in an inverse and significant relation with PAP, it can be concluded that there is a direct and significant relationship between the RV strain and RV strain rate parameters and the RV systolic function of the heart. Hence, these two new noninvasive echocardiographic parameters (Tissue Doppler-based strain and strain rate) can be used for the early diagnosis of RV systolic failure in SSc patients. In other words, it can help hinder the progress of pulmonary arterial pressure level in SSc patients. Considering the fact that PAH is the leading cause of death in SSc patients, this will reduce mortality in these cases. Additionally, in this way PAH symptoms and shortness of breath can be mitigated in SSc patients. However, it will reduce health care costs for these patients. The RV diastolic function was also found to be correlated with the PAP level so that an increase in PAP level deteriorates the diastolic function and reduces RV free wall tissue Doppler E/A ratio.
The possibility of RV failure diagnosis in 3D echocardiography and 2D-3D speckle-tracking imaging has been reported by Vitarelli et al. (17) . In addition, Stergiopoulos et al. have shown that speckle-tracking echocardiography (STE) is a sensitive tool for RV dysfunction assessment in acute pulmonary embolism patients (18). Chow et al. found that 2D global longitudinal strain and strain rate are potentially useful indices for the assessment of RV function (19) . However, TDI strain and strain rate assessment offer a convenient and cheaper alternative to the study of RV function in SSc patients.
In addition, according to Utsunomyia et al. RV strain has been shown to help analyze the RV function in patients with chronic pulmonary hypertension (20) . Similar to our study, it proves the usefulness of RV strain for the assessment of RV, but, unlike our study, it is limited to the patients with chronic pulmonary hypertension. Moreover, regarding the study conducted by Filusch et al. RV strain has been depicted to aid the analysis of the RV function in patients with idiopathic pulmonary hypertension (21) . Again, consistent with our study, it proves the usefulness of RV strain for the assessment of RV, but unlike our study, it was restricted to the patients with idiopathic pulmonary hypertension.
Comparing to the findings of an Italian cohort study (22) and a Czech Republic cohort study (16) , the prevalence of PAH in SSc patients (36.6%) was found to be much higher in our study. In addition, another study found that such prevalence was even higher (64% and 61%) in patients with tricuspid valve failure (4). In the study conducted by Vonk et al. (10) the prevalence rate was significantly high (80%) though the prevalence of PAH in the study of Coghlan et al. was relatively lower (19%) than the rate reported in our study (9) . In the same manner, this figure was reported to be low by Acosta Colman et al. (20.5% ) in comparison to our study (11) .
In addition, a direct and significant relationship was found between MID RV strain and age. Moreover, apical RV strain and gender were observed to be in a direct and significant relationship. In other words, strain at Apex is higher among male SSc patients. On the other hand, the LV EF was observed to be significantly higher in females SSc patients.
Also, the results suggest that among 36.6% of the patients with PAH, 27.3% had a mild PAH, 45.4% a moderate PAH and 27.3% had a severe PAH. Since this distribution is normal, it can be concluded that PAH commonly emerges in a moderate form and then grows gradually.
Moreover, the prevalence of RV longitudinal function parameters in patients was as follows: the mid RV strain was -29 to -20 in 40%, -40 to -49 in 8%, -39 to -30 in 12%, and -19 to -10 in 18% of the patients. In other words, the RV strain at mid was normally distributed in SSc patients, with its peak between -29 and -20.
Likewise, the basal RV strain was -29 to -20 in 50%, and-39 to -30 in 8% of the patients. In other words, the RV strain at Base followed the normal distribution which peaked at the range of -29 to -20.
LVEF was normal in most SSc patients. That is, RV failure was more prevalent than LV failure in SSc patients. Besides, the statistical tests did not show any significant relationship between RV function parameters and LVEF.
Similarly, the results did not show any significant relationship between RV function parameters and BMI and weight. Nonetheless, a direct and significant relationship was found between RV longitudinal function parameter and height.
Conclusions
In summary, the prevalence rate of PAH in SSc patients was reported 36.6% in our study. In addition, this study demonstrated a direct and significant relationship between the RV transverse diameter (from the 4-chamber view) and PAP. Moreover, PAP was found to be in an inverse and significant relation with the basal and mid RV strain and velocity change of the RV longitudinal function.
Also, the LV EF in women was found to be greater than men, though height, weight and apical RV strain were significantly higher in men. Additionally, RV strain at Mid was found to be in a significant and direct relationship with age while RV strain at apex was significantly and directly related to height.
Moreover, according to results, RV function indexes were not in any significant relationship with weight, BMI and LVEF.
In addition to the normal systolic function of the right ventricle in our study (according to the TAPSE, S wave and FAC standards), the strain and strain rate parameters were in an inverse and significant relationship with PAP level.
In conclusion, strain and strain rate imaging present a novel, convenient and useful method for early diagnosis of subclinical systolic failure in SSc patients with pulmonary artery hypertension.
This paper states the likely advantages of strain and strain rate echocardiography in identifying patients with more diffused and severe SSc and the need for further longitudinal studies based on the mentioned method for early diagnosis of myocardial impairment.
